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Initially, we sequenced the complete genomes of YFV obtained at two Brazilian biomes to infer 185 the origin and dissemination routes of YFV during the 2016-2018 outbreak in the country. Ten YFV 186 strains were sampled from human, NHP and mosquitoes in all Southeastern Brazilian states: Minas 187 Gerais, Espírito Santo, Rio de Janeiro and São Paulo, located in the Atlantic Forest biome and where 188 massive epizootics and human cases occurred. Two other YFV genomes were recovered from NHP 189 sampled in Goiás, a state of the Brazilian Central-Western region whose predominant vegetation is the 190 Cerrado, a savanna-like biome occupying the territory between the Amazon and Atlantic rain forest of 191 the Southeast region (Table 1) Table 3 and Supplementary Figure 3) . Distinctly, the other YFV strain from Goiás 208 (GO05/2017), exhibited an amino acid pattern more similar to older YFV sub-clade 1E strains sampled 209 in Brazil and Venezuela between 2000 and 2010 ( Supplementary Table 3 and Supplementary Figure  210 3). These results clearly support the circulation of at least two YFV sub-clade 1E lineages in the 211
Cerrado between 2015 and 2017 that probably resulted from independent viral introductions in the 212 Araguaia tributary basin of the Tocantins-Araguaia primary watershed. Moreover, these results 213 revealed that the molecular signature previously associated to the 2016-2017 YFV Southeastern 214
Brazilian strains was already present in a YFV strain isolated in the Cerrado biome in 2015. 215
The YFV2015-2018 lineage likely arose in Goiás in 2014 and was disseminated to the 216
Southeastern region following two major routes 217 10 Previous studies pointed out that the ongoing YFV outbreak in the Brazilian Southeastern region 279 resulted from a single introduction event of a YFV Modern lineage strain from an endemic area (Mir 280 et al., 2017; Faria et al., 2018; Gomez et al., 2018; Rezende et al., 2018) . However, the precise route of 281 viral dissemination was not achieved due to the scarcity of Brazilian YFV sequences sampled from 282 endemic regions over the last years. Here, the analysis of an NHP YFV sample from Goiás Western region) in 2015 revealed that it is phylogenetically related with and carry the same amino acid 284 signature of the YFV strains causing the current outbreak in the Southeastern region. Moreover, the 285 discrete phylogeographic analysis showed that the YFV causing the current Brazilian outbreak 286 probably originated in Goiás at around mid-2014, a result congruent with epidemiological reports on 287 human NHP infections ( Supplementary Figure 1) . Altogether, our data stressed the origin of the current 288 YFV outbreak in the Central-western region and expanded the estimated TMRCA of the ongoing YFV 289 outbreak to almost two years before it gained epidemiological visibility in the end of 2016 (Secretaria 290 de Vigilância em Saúde, 2017). Interestingly, we also identified for the first time, two YFV lineages 291 circulating in Goiás during 2015-2017, one of which followed two independent paths of dissemination 292 towards Minas Gerais, originating two major YFV sub-lineages in the Southeast region responsible for 293 the severe ongoing outbreak. 294
The discrete phylogeographic analysis pointed out that the current YFV Brazilian outbreak 295 probably originated in Goiás, while the continuous phylogeographic model placed the epicenter in the 296 central region of Minas Gerais state. The paucity of YFV sequences from the Cerrado biome of the 297 state of Goiás probably explained such discordant results. The placement of the root location of the 298 YFV2015-2018 lineage in Goiás is more consistent with the official reports of the Brazilian Ministry of 299 Health (Secretaria de Vigilância em Saúde, 2015). According to the spatiotemporal epidemiologic 300 reports of YFV infections in both humans and NHPs in the national surveillance system, after five 301 years of no records of YFV cases outside the Amazon, 31 NHPs died between May and August 2014 302 in seven municipalities in the Tocantins state, in the Tocantins-Araguaia basin. The only corpse found 303 still adequate to diagnosis was positive to YFV (Secretaria de Vigilância em Saúde 2014). The 304
Tocantins-Araguaia basin drains the territory of Tocantins and the great northern part of the neighbor 305 state of Goiás into de Amazon river, and the gallery forests along its tributaries consist of a large 306 network of corridors between the Amazon and Cerrado biomes. Thus, soon in early 2015, besides in 307 Tocantins, YFV infections were detected in Goiás, and the virus spilled over from the Tocantins-308
Araguaia into the São Francisco and Paraná basins, with reports scattered in northwestern Minas Gerais 309 and southern Goiás and the Federal District (Brasília) ( Figure 4 ).
11
Brazilian Health authorities consider this YFV reemergence as the start of the north-southeast 311 virus spreading wave that has not stopped yet (Secretaria de Vigilância em Saúde, 2015;2017;2019). 312 Accordingly, in late 2015 and early 2016, the circulation of YFV was detected in sites of Minas Gerais 313 and Goiás, but still essentially limited to the Cerrado biome in the three above mentioned river basins. 314 Intriguingly, in late 2016, human cases and epizooties due to YFV were recorded simultaneously and 315 independently in the northeast Minas Gerais as well as in southeastern Minas Gerais/northern São 316 Paulo, where the virus has then gained the Atlantic forest ecosystem. In fact, the outbreak was officially 317 recognized only when the epidemiological records rapidly peaked and as that the virus reached the 318 Southeast Atlantic river basin in Espírito Santo and Rio de Janeiro, as well as continued to spread in 319 all primary watershed of São Paulo and Minas Gerais throughout 2017. One of the causes of this delay 320 was the introduction of Chikungunya (2014) and Zika (2015) virus in Brazil and the resulting 321 epidemics, which probably reduced sensitivity of surveillance and interfered with the visibility of the 322 YFV reemergene. In 2017, scattered records of YFV circulation were also made in the states of Bahia, 323 Goiás, Mato Grosso and even in the Amazon. In early 2018, epidemiological data suggested that 324 transmission was mostly concentrated in the Southeast Atlantic basin in the states of Rio de Janeiro, 325
Minas Gerais and São Paulo and eastern Paraná basin ( Figure 4 ). Then, the place and time of origin for 326 the current YFV Brazilian outbreak here estimated fully agree with the above mentioned officially 327 confirmed infections in NHP and humans reported by the Brazilian Ministry of Health (Secretaria de  328 Vigilância em Saúde, 2015). Indeed, the Novo Brasil municipality in Goiás, from where the NHP YFV 329 sample analyzed here was taken, is located about 100 km from the banks of the Araguaia river. The 330 earlier detection of YFV in NHP from the Tocantins indicates that the state of Goiás probably acted as 331 a staging post during the dissemination of the YFV2015-2018 lineage from the North (Amazon basin) to 332 the Southeast Brazilian regions. In this sense, the Tocantins-Araguaia watersheds may have played a 333 major role in YFV dissemination as it extends from more than 2.500 km following two river axes 334 (Araguaia and the Tocantins), offering a contiguous connection between the Cerrado (southward, 335
Goiás and Tocantins states) and Amazon (northward, Pará state) biomes (ANA, 2019). 336
Both discrete and continuous phylogeographic models combined with the epidemiological 337 records support of the YFV2015-2018 lineage moved toward densely populated Southeastern urban 338 regions with low YFV vaccine coverages following major routes along different primary river basins. 339
The phylogeographic analyses pointed out that the YFV2015-2018 lineage probably arrived in the 340 Southeast region via the São Francisco watershed located in Minas Gerais and then moved to the 341 Southeast Atlantic watersheds in the east and the Paraná hydrographic region in the southwest. The 342 viral lineage that moved following the Southeast Atlantic watersheds reached the eastern and northern 12 areas of Minas Gerais state, as well as the south of Bahia, Espírito Santo and Rio de Janeiro states. The 344 viral lineage that followed the Paraná hydrographic region spread to the Southwest of Minas Gerais 345 and São Paulo states. A previous study proposed that the YFV2015-2018 lineage was introduced in the 346 southeastern region through São Paulo and then moved to other Southeastern states (Rezende et al., 347 2018 ). However, this conclusion is hampered as they used only partial genomes (with a very low 348 number of nucleotide substitutions supporting the phylogenetic relationships) and did not conduct a All new YFV genomes generated for this study were submitted to GenBank and their accession 640 numbers are included in the manuscript. The information of all YFV genomes used in this study is 641 provided in the Supplementary Table 1 . 642 
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